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m#’m muqm arv sseential in solving pnbhu oft
ltndtnul m, m, m-. theory of linear and nonlinear
ouuhtiom. 1-6. lu, ad atr artillecy, bﬂb-c:lchnnc, anti-airoraft
.'tuhq m rockets Which are directed by special control instiue )
-m- tor ﬁm m‘omm. ‘ns exaples given demcnatgfe the' ixportince nrﬂd

- d&nmtx of the pzobh- whioch must be ao:l.nd by cqmunc hchuqun
nptdl.r and mmh!.r.

1

'

‘l'h- ulh and nature of present~day caloulating opouuons have deter-
xined mu- orisntetion, @ m
lnd othee) have ‘besn replaced by *oc tﬁ'&,cmﬁunc' oqu.tppod with
lpochl oomputing mmuraon.‘ m:-uton, present-day computing tachninues

chnmtortud by Yarious instruments, doviges, and mehinou,

videal oaloulations (of hu.hr, Oauoa,

commonly . known
In & mmber of oases, theu new techniques have made pos~

Calculations so large-scaled And x-bpid that they would have Leen impos~

llbh with previous methods. The gnat effectivenocss of present-day military

épouuonl 48 due in o large mousure to tho perfection of comutars,
In this' mpoﬂin briefly nv:lov‘o.::ltmg methods of speoding up

cmuuou. 108 of computers,/The developwent of computing teche

M“lo - |

2, P_l;t_" ority P_rgblnl in Applied Mathematios and

Prdsen Nethods for Solving Them
Om trends in the d.volop-mt of pnunt-dw applied uthontiol is
the ltud: md proof ot l!ilunu th-orlu goveming definite t.ypoa of

U r-mu#m-w"w L
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Mﬁ-mm ulMMhobwud:nwon.

¥ . lom. qalitativ ulw.m alene are insefficient for the pmmn -om- S
r' " ’unornnpmu-ummnmwm. S . N

 Anotber m equally isportant stems from the desire of plvmtlu
engineere to nm nathomatisal mm to ombere, tables, grephs, or
/ m;tluﬁh.hﬂnﬂmdoﬂnumeonnnrmnqunnprm , :
“tioal shewers to m protleme from the mathematician, :
o Our repert deals with the segond tréndy that is, with nadbrical methods
| _ for -ozm mathemstionl probliss, the most isportant of which are: -
| | 1) mwrcmmnunml /:‘ ‘ ,
| ) boundary-value problers of mathematical physics and integral equations)
3) wystess of algebraio Livear equations with many unknomns |
‘L) bigh=order algebraic oquuon nd‘tranondo_nm oquauonn |
5) harmonts malysis. NG
P Wamerioal solution of ary mathematical, problem oocaiste:of.1ts theoretisal
| soluticn (in pr!.nn!,ph) thnf. is, its mhotion to existing “somputing schemes,

and caloulasions b,r moans of these nohousa. m thooretical soluuon, at

.. the sam tiss, depends upon the "acheme".td whish it is directed. Bach schem |
. | has its areq of mph#bﬂi\m i.e., a set of prohlems nduoi.ng to 1t,
' Before wm conucb‘r present uloulnthc mthods, w should like to pol.nt. |
B T out m-w. mthods of: numerioal uolution of sces important nthntiul J
o~ . prolem. N | g
= One amnnmmxywhm«formmtmn solutien o ]
. .' Co probhu of mnym is the method of series expanaion nnd tho -uuxod ot
SR m?.worlu' ('matod setok's ' neta, nuhn, gﬂdl, ote). . » ‘ L |
s o n I.!'Ml apansicn, the functioms bo'.h tno'n and unknown tu\uug 1n n ‘
| problem are expanded in fwotioral series end the relationships between thew T
o are tunl:ruud mu uti.on botm th-u- owton eoottuhntu B,y ruolvim A
N e o -,rh- into & finite -ur of terus (uumm by the' wﬁudm),
s ’ S w: . i s T

e finite 7m0t eqpations st oumaunu. ™o o apprs

by

npnum- -;; finotione :i’-s&ung tats pw-..e.- tw e.-.== sintts u?aa

-
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(1)y were Wy &re funotions weed in the mxpansion found by

iteratdve cperetima. For exmple, in expmaion in orthogonal systems

(uumw and Besind functions, ietc.), that :ll. u-olﬂnd harwonio analysis
w have M, Hﬁ;l,d: (2)e

mmrummmmummuumhw 1lmﬂm.nn
great, Jor mh. in the nlmu of one uugro-dutomtw. equation in the

Diviston of Approxinate Oaloulaticns, Inetitute of Mathematics, it wes

necessary to caloulate 25 coefficients dstermined by the integrals (2) with

infinite limite; and since this squation.was solved tory 30 different

values of the parmesters, s total of 750 #u0h ' iatagrals bad to be calowlated,
Another bakic method of n‘cbruuucn 48 the "method of hetworks", Vale

wes of a wminowmn function are sought at c\cortun lnu- of points, i.e., Modes

'Woz& networke The ummw mmpxmd by sums of tie values

......

A system of equations is obtained which comcu the valuos o’r the unknown
funotions at ld.‘lmnt j&l, of the network. The methed of notworks with
conssoutive transitions from fimied 1o ‘J/M 18 a method for the numerdeal
1nugutlon of ordinary differential equations, In bomdn.rydvdu- prohlema,

a great nnnbor of upob o equations connnoting the unknown values .\ the
h&orx - w with each oth.r and with the knowm values on tho edges
mst be aolvod simltansously. Thn main difficulty here lics'in the solutien

of this systam, since the n{mbor of &qut.ion: is frequently gruur than in

the method of series oxpmionp there are hundreds of % in plane prohhu
and thousands in apntul problexs. The murton. solution of systems of linear

algetraio equations with meny uwnlknowns hu therefore becone ou of the -ut. fune

 damsntal problems in aplisd malysis, ' " . _
The method of oconsecutive approximstions 1..3 also frequently nnlc_l in
 caloulating techmiques. Thé essential feature of all the mthods oited 1s
that they all require:large-scale spplication ef identieal muuona, 0ges .
IR

Ldentieal opomum u m rl “ in te uM o: mtuom. finding .
: Ld-nuul integrals ﬁ M mJ.nu (ﬂu nM ot urﬁu Ww. ctn.).
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v | !.mdwﬂdddmnmmumﬂnnmmmnd {
| ~ e (ummo) mawuwumum-un-muuu '
BT mmsamwmmmummguggm

mmuum¢Mnm-m.m., o
r m.“'“”mm‘hmm#pm .
hm-MMﬂ&hlmmM.hh.ﬂl
”ﬂm Of w *‘lllﬂ-ﬂ Mﬁﬂlo

v msﬁ&t-acum.ummn-mmmmnm-m,
ﬂnl W of spesial ecaputers, In he firet place, tables and nomogrems
are such QM %o prodwse then spesial mathematical machines, and timrefore

C thay hﬂuuﬂ ¥11 scutize %o have wide. applisstion in individusl caloulations
eod in te work of swall focsputing bubesis®s Insaddition, many Somputing opers-
/uonl performed on meohines require the uu of tables and mpny machines axe .
)  equipped with specisl devices for mw-mo selection of tatular datae
No ut.hr how isportant the role or tablss, nomograms, and othor aids
. in emuu operations, their use alone cannot, provide high effectivenass for
» Wq techaiques, einve the performance of & grd,ut many otmputing oporatiopa even \
) " with special aids requires prolonged work ¥ obtain decisive results. |
| comuun ad speoial mathematical machines for mechanisation and auto-
S satisation of ccputing procelses are the most effective and up-to-date de-
i V‘ﬂl for soselerating eﬁnttnc processes in the eolution of present-day
problens ot‘mnd mathematioss These aonstrustions are being used extensively
in pressut-dsy cosputing techniques and are beooming increasisgly important
umum&wdplvlhldwmmm

o | ' !ba-uabrotwmnummdmwudumuonormm
% Lo w-wwmnuodupanwcmunmmW
1'\; o mmﬂmmmmmnmmorpmmo: ;
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..wmm—n-nm mnqngnmm
_ ' Mu\omm"whmﬁGm s, my, '
L mmhuumm.mnm-pnutu
(mummmmnmmm).u..mw-mn.
'un(ammuommnunmnaummmnun. olassie '
mmwunmummum.mmmg |

ota.) end dato determinaticn of ummmu wd ead romults. ' o
_ Consequently, ia the numriscal eolutdon of, mmd-\h-m. pnbhu,
mrluonl on oontinuous mathematical fmations are for tln nost part ,
' replaced by operaticns on discrete mathemstisal quantities, | oo
Prount’"o&nhro can be used for uehanhuc uaqnunc Mul st '
‘Moum-mghommduhucnotcmmdpmglmm 3
upon the modsling of various mathemstiosl functiomal Teletions or quantitiess
mpnm-dqomuumhuwwuo-ﬁcp\w. The firet ‘
‘ growp includes non-digital computers, whioh model ouw mm relations,
o mmmmm:mmemwmm-mmmmw |
dournn various physical processes. he x.phu oquum. for exmple, dnorihu ’ .
1 voltage in an eleptrostatis mu. mﬁm dLMhM lf M. .ﬂ the '
_Mormmwm ‘n-nhamm o

1 mammnmnm mmuwm-\qpu—
j T matieal equationss mmmm.mmppmuwm v
| " assigmint of dafinite valess of quastities snd mercremmitas  Shese oen bo 3

|
|
|

mdunb:...thn!M“hﬂ‘qoMN !

-uuuuamwmmummmndm.umvmu Lt v | |
. '.-‘mmnmm e AT P 3
| wumxuuwumem" |

Declassified in Part - Sanitized Copy Approved for Release 2012/05/21 : CIA-RDP82-00039R000100070050-9



/
Declassified in Part - Sanitized Copy Approved for Release 2012/05/21 : CIA-RDP82-00039R000100070050-9

'mr.m..umqnmﬂqmmwmvuw
| | :umubumnhmm»mumuw |
.,-wmﬁam o S
e ibeend mmm-mmm.mnwxmumuu o o
.dmwdu(mu.mw&mw
-ohinn). e ~ oo .
- ' 4_ nmm-,mw-m«amuwoommua
| - 'mampmau--wmwuvmumm.munonmr
. 'nmmmt-. hm.m'dtm:avmvnquMImutyunb-
mewrdmuduumMaummm-hrum
~ or linear awum_mmou registers uwnitej the mumber of
. mummémummmro:m\mormumm;mm.um'
- ,_ynhumhmimuuu.m. ' ' o
" W«mmmm-mdmupmnmrmm
. .mwmumnmumammm Their
, | mdmummr.ummmummmmm_ '
' ot any sathemstieal péebles esn be redused to @ algorithm whish dm be performd
w-mumn-mmuumwuuamumnmmc
S Aplnmmqmuuuuommm..
A mn.tu..mmmtmumwm
; ': : omw.nm.m.m.mtpamn
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mmwmm*pm.wx.a.m.
Coerompenting lumbse of Who'Madeuy of Seiansos OR, fi'the Pome Magimering
" mm.mnmmmmmww-ﬁmw
mmuummduwm.ucm '
: nmww.mmummumwmomw
mm;mmmmmmwummum-
is also Laplemented elecirisally, The elsctre-dategrator designed and eon~
structed wnder the direotisn af Prefessor L. L. Outenmshher in the Powsr
mmam.mummm.umumm
solving systems of linear equaticns mmh- of elestrical sosputers,

In eleotramschanicg) o@uuu. part of the proeessss are earried ot
mechanioally and part, electrically. For axasple, the matiematisal o
dependency is effected slectrically, i::l.h the qumtitiss are obtained and
introduced mechanioally, One of tbe latest German bombeights for bombing
mmmmonunnuu-phuwuwonmmmn

. , computer, L
N nwmmrt‘nn'nrnpnbu'lotmotcw,dml
grops,’ g S ' l

5+ Ihe Aeowragy of Ocwpwters ‘
mut&mw”ﬁmuudmumm
utmn.mmnnmcnummwnw-mum
m-morm.wmmnh«-mw-
mummmmsum nm.mmmu
,nmmmummm-.uum-nmmnm

dnuuqmmo. m, &mmdu--ﬁ—m

"_mm"'m“m“““% SR
Mmmmdmhmquw

.“dom o e ;
. i, : [ !

mmmmmmmvmhmm "
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wuhmm-nmummu N ‘
mma.z.m«mw). L ' '

nuxmuwmm‘wmﬂumm :
Wum-u..wtm«mmuumomm .
nd thes the design of $he eemputer sam be siaplifisd eonetderebly., This L
unnauummuuwcmwxmuh
solutica of prodblems, mwvmum-w
relaticn with scws spproximate relation, 1,04, sqused by Wﬁn of the
hwdthmr.hmummmm‘ml l
errers ouuumuuomanﬁon'ummmnmm

Tmmmdgmpiml&commmdh%hh%twh
aseigied quantities inte the mhr“ormhum“wobunt—
tions of the results obtained. Por exmple, in bosb-eighiing computers for
@tomtioally caloulating and scnstrecting the sighting wngle from the height
m.uwmm«xmmm..u-mumumm
m-mwtummumumuu«mm Errere .
Mwwuwwmmumm | |
mmmuwhmumnmmﬁnmmu

. Y ecputer, C i

Mm“um.mm(ﬁmu ;‘ y
Imuammwmuww.hmmm L
,unm-mummumug
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MM&W@-& “Mﬁ

"

T ey
Wam-umm«mmmupu whools,
: huomﬂWumumbmw(ummm
' u‘mm wmnmpmcmuuummum
rvd resistamee, ' '
n.ummmmw-mm-w the dynamic pare-
mtere ot the m (\u-m 173 uu.m.wn of uon-aumuu or
wmmumm),nm ummnmm»d ,
mmam.mwu-mnnmmmmcmvm s
hru-ﬂl. u"mrmun mwumu-mmmo.
orror My arise in the bﬂﬂun beocause of frce ouuhtimn in the tacho~
sater ooupling. In s electrisal devise sontaining 1nduounen and oppacitance,
orrore arise bessuse of materal osoillatims in the oircuit, Under esrtain
conditione, inertial errore w becoms extremsly important. They can be elimd-
nated ty cefrect uhoum o.t the ctynndc meur+f the device.
Krrose of the last two groups, A.e., errors caused by insscuracies in

introduction and messurement md inaccuracies of the computer itself are of a

rendcm mature. The influence of thewe errore upcn soourasy of solution can be
determined by the theory of prohbiutie-.

From the standpaint of accuracy, pno-digim oaloulators, whioch model
ocntimeous methematics) dependencies, and digital caloulators, which model
discrets qu.uun’m quite different, '

Non-digital computers alwiys pessess errors due to inascuracies in mtm-
duostion end meassremsnt of the mmmrical data M inaccuracies of the
machine iteslf) @ethorefore, the accuresy of these machines is limited, Those
orrors ean be medifisd by efficient design end high quality ‘in mamufacturing
and adJusting. ‘ !

As m‘pinm out above, non-digitsl oomputers can model s given operation

/,MMW witheut. pﬂlﬂuf; muw. -d in this case, the numerieal
uluuon obtained will not mm- aystematie .mrl. :

n;am mﬁdm discrete quantitiss, m:hu from rendom

‘ .
v

\". Sl
b it
IO LSS it o
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;7mhbnvmu'wuwotmn
' aate. ummwum'tw. e operations are carried owt
uwmmuwmummm-uwmmm
the resuld (ﬁwmun) or o1sa omse & scuplete breakiow of the
moohanism (MI\Q mu-umammuuuomn). Thas,
mmmwwwmuw‘hnm frees from remdom errOre
uwmumwmm. mmmormu hvmounhon
- wnlixditeds i K o
| , Wu.'o ervors in the solution of a problem are om.nd by eimplifie
numl (\v a trensformation of & given rélation to one between discrete .
values, for uq»h) wd by a domum betwean the actual nunber of significant
- nmu in the diserete quentity snd the mumber of signs introduced inmto the
mhm.» . ’ |

At the present stage in the theory'of socuracy of mochanisms, 11. is
pouibln to olarify the ressans for the inaccurecies of esch mechenisg, to evalu-
ate the socuracy of various types of mechaniwas, to establish the effeot of
various primary errors upen the acouracy of the machine, and tlms to secure a
high degree of socuracy. Acadesicim N. O, Bruyevich studied goneral methods
~ for od:mhtih‘ the acoursey of -chanim snd made important contributions to the
\upory of acsuracy of mechnisss, ‘

6. Prineiples G_onm Mechanical Devices for lodny,m
Continuows Mathewmtical Relations

Presontgidheaioal eouputers (1.e., mon-dizital onamwu),mton‘m
cont:\mn- Sadotional nuuc'q.»m in .most cases based wpon m kinemstie
pruluphor-bun. Momuummmmnmw
bounatbmuortb Mﬂmmlmwmmum
) ummnw rummummmommn-w
mmmuwh-m the mtvmm. Thedr

}\Amunm-muwmumnm-. The motica of

wmmmmuumumcmm

IR TR
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whmumbu-hum mmh.nwm
mmmm.u-uﬁwmnmumnm -
tain She-sine fmatien, Awm(m.nn.mmm :
‘M(m.umumummmmmum o
'Aumomtdmm-mmmnuu

mwuutumum.mt«mnm-mmm
uuuunndma«mwum;mWMm
wend, Vith the Mlp of vhish a gAven curve ces be traeformid into & owrve siniler
to 1%, thus eorresponding to miltiplication of & varisble esplex meber by
-emﬁm-ﬁcr.'!&nmmdnﬁwwnu’mluh.

wr. By mr‘usm this latter fact, 5. L. nom mvod the dapor- 3
tent formula: ubcrnchnniuombodnimdtoorfmwda inte-
~ gral (eutire) function of & oclphx nrhbh M, i is Mhh udoup ‘
mschaiems which effeot aonforml tmlfomuom oomm to thﬂ e

P
[

fanctions. - . : A v

' . . i,
“ ‘

nmm.uunqmu-mmnmmumw.w ;
. Mnation of gimple weohahisns. ummMuMUmm.
m:.—vmmmwmhmuum-m

un.om. mmorwuamw‘_f ,
\hmdMﬁ“Mﬂ*%
nmmmmm )
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tbul%upnh“mﬁ‘g%m%“
mu;m«nmmnumum«w
mmmmmwmmmdwmmm

.

mmmmmmuummmu

mmmmmumm mm&mo
,mwmuno:qmdmmmmmmwm
‘peneral pattern. Inassueh 20 the musier of Webeaisus sutering o meshine
Mmummummmhwwn*um.m

mﬁuhﬁum“%mﬂmmmmu
um,mmnmt»munmnnuuwwu

| Mechanical compyters have b«amdmuiwum umuu ot
systems of ordinary differential equations, fhmnol-nt t)enun .
for integration of dim"nml equations is the integrater, mo-d in
1676 by Lord Kelvin [sb x:gq{m p-mmu‘lp given to the mnunipm-
oiple of nmn-- tntegra

A machine for integratiom of du‘fom\ul W-mm dt uumm
(mumuroommtomm-tmm)uaqmnt
fusational mechanisms or patteras. - mm.nu.tmmwma ‘
mm;udwm. R

m.swmpmonmmmmm
conuttons dy/dx & tein e A L.

mmmwnmw.-wmﬁhtwa'u

(M)m(-).um-lmmm-m

Mm;ummuumwm.bwum
‘u—pamumuummmwcmmm
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GF"F!L’FN?W

ﬂutx.“!h-mmmummm.wm

‘ﬁlm'htmdﬁxh@mmtquuummﬁaipw
" fren the shaft (x).’ fhe eniingtes of the pattem are showa by the integrator

sarvinge, ¥

Oas of the fLret mechines fe@ lategration of systems of four linear
¢ifforential oquitiods, ccnwirueted ia 1912 by Msdemiotan A, N, Krylov, vas naver
used in prestioe besause of 1ts low seourwcy. The main reason for the high
-mwwunmmmnmumtmumdnnuw
integretar. At that tim, mnmmm@m devices to cownteract this -
M. A 1ttle later, a special mnh'.or was invented to ralieve tho
imtegrator diss of external loads in the form of the driven linkages of the

mechanisa, This ':-'m.m oonsiderably furthered the development of

mechanical devices for the integration of differential oquaticna. /Tho next
four paragraphs deal with Bush's differential analyser anl 1lts modifications.
An isproved (1931) woded of the differential snalyzer was constructed \in the
Power Rngineering Institute, Acedemy of Scisnces UsSH.

At the present tims, the development of computers for integration of partial
differential equations is still in its initial stages., Gershgorin proposed a
wpesinl mechenism for integrating the Laplece equation in finite differences,
10,5 by the method of Betworks®, This proposal, howewer, did not obtdn
pmu«l‘ wpplication. A machine for the sclution of partial ummua‘x
equations, based upon & hydrsulic principle, was constructed by Luk'yanov.

| 7. Modaling of Comtinuows Matbemstical Relations ‘
By Nesns of Eleotrical Devioes i

Nodeling of entimuous ntbnnﬂ.cnl nhtiml by msans of ohotricll

devices 1s based wpon the linear d-p-nd-ncy, c:qn-uud by 0!-'- l.w and

| . Kirohoff's laws, that exists betwesn the main pu-mur- of #n electricgl cir-

quit, 1.0., wltage, “‘. and m“‘”
One of the paremsters, mnyc*t&o.vm-mmwamd

mﬁuothmmgnn‘uaormu'wum
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- UWHULM’“ by .".,“
Wmiu- mudqmu#cgqgmmu
m-mmmmﬁumuwmwnwm
msunm-m'm w-ﬁnnm-ﬁﬁﬁp
m.dmmmwmuummumumu
mmrw“num”w,&*twm.mmtmu
e, . .

Mummuwmmm«naumnmc
mm:ormmwwhm«mmuunmm
wd tremecendental funstions, np-umu,unmnmunm-anb—
mmmawumd-mummuuﬂmmdnm
m«mwymomuuqu dwln. ‘ .

" So-callad "profils* rhecstats or fewticnal reeistees are nesd $0 ob-
w:tmmwmm-rmmdpmmum.‘

Twa, oiobtrlul hnet#d deviess can woda) ulminr mathematioal
relations with the help of potentiomsters, btridges, snd "prefile" e,
These davices replace the muuul -mwnmmuxomu

. Elsctrical models for ooapm nm-uon nhumm-b!nﬂntmotn

o

set of ssparate fuactional dnmu, as 'ms the esape for poh-nlul uoblu
Klectrical functicnal devices are wsed widely for the -nhuon of utu-‘
matical problems in -anv.u-; w. The adventegen of Olﬂm
devices in cosparison with mechanical, 1.8., an. mn II.D. ud.
ispertent, mwnmwuummmw

o o.' B

‘thuduMUlo mmdwm

Yor exmsple, upmmwm lht

4

‘ m@umuwiq-r‘u_hmmﬁom

!
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umu&onwmmmwama L
mtm.w;mmmw S -

mummam«-ﬁ-uu\ﬁu«ummmm |
be orereus b peesmtedy Smpuisiionsl metbemtios. TheosilisfimiMas sre
nmmwwmmmumwummm-mnw LI
wm.m..mmmmmamm-u T
mqmmmorwmmnmwmmn R
the aystem, and ite initia) etete, :

A method of redwsing partial differeatiad’ mﬂmbdﬂhm muw;c, .
x...,uu-muu-'umo:mm-.humwmm R
numrical dntegration of these oquucu.

Klactrical devices for integration ammwmm;c Y
mhudupmmuub:thhuduhﬂl'-imhmaﬂu
ronoz-mwnmmmmvporwutk-m o

, coinoide with points at which valws of the unknowss are sowghts The resistence
pu.hnmdouninodbythmmm&omm |

,.A.mnwnucmuﬁmmm.dmmm
for integrating partial. mnmm(\hmmw, o | ¥
L.x.mumu-rmmmm:u»mmwmmm
devised a prectical methed. gumcmmw .|
comstrusted severel wiits, ke e electrelnbogmieess o o

!umwhdmuuuwcw?"? ouhq o
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Rﬂnnmmbmhshﬂunﬂuhr,thndnhmmt

i current along the aonductor, 1.e.
, §=p.or%u,%)-§4‘#q-;.o.
| The last equation dnorxbuth- vonuodtnrlhumdmnlmh h
' olvu‘lnbllomdutum . ‘ . S
hmn.ninponibhtohup‘h-dluhlm:w
mum-mmnwmmrwmu.mmm.
mm&mm-ummv«-mmm
oommumrmthMMMMMm To
mnmuuvum.mqmmcmm S
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. bmmm&.dmmmmnmnmcmumn
owerent ,’H‘-d-uuhmm.umu.m
mmwm umnwummm
Md”hﬁ%ﬂm“ﬁudhgomu.
mummmmwmuwmmnmu. ‘
mmtﬂmlmthMuMnouMthwmbg

'Wa'un I8 w11l eerrespond -mwuun following

ditferemian oquatdon: C
d (I,E) ¥ B(x)u  F(x),

were Kx) and r(x) are q-nutuo drpcndu‘ uwpon the oonductmcn of the
otrouttn-ewplrAA B Heeing ol curreat from the ./ 3

Thus, the ebaim Just desoribed wodels a difference oqunuon which
sarresponds approximately $o a nonhomogeneous dirx‘emntul equation of thol
seoond erder in one independsnt variable, x.

This mthed sem be easily generalised for mideling partial differential
oquations in tweo htht varisbles. In this case, the circuit is no lon~
gor uuu'. but 1» l-t phmr, with condwotances depending scoordingly upon
xdndy. ‘!’h.umhumtomddnmtmlu Mhpond\lpon
both nnnllud coerdinates of the given m This cimuj.t nodels
M (in differenses) the following differential squation:

iﬂ.‘g ¢ *(A,ﬁ) # B(x,y)n = F(x,y)e .

Mmmut—n—h thoad-chncnmou-'
Mdtbmmhmmﬁ,nmtﬂuoucutmh

:.hmm“l Wmu .
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ﬁ‘u’uﬂmumubhmmwwumdm

Mmubmumxuu(amrm)m“ the
M-u-amammmmm-ormnnmmur-w,

‘wm“wmmum.

, Simdlar ¢ireuits, —dt w, el indwitanoss and capgditances and opcutirt
on direot mmuu: MM sonditions in the oirouit, are used to model
preossess that vary in time, ' '
"fhn fiald of spplication ef elestric models and mothods of constructlng them

_arv not Luited to the osses discussed in this roport. At the present tims,

txunnw‘- werk 1w being sonducted on the -m)nnau?n of various olaotronic
devices to medeling of physical processes. Thess works should expand’ considerably
the potentialities of electrical devio-p. (Une should remember, however, that
modeling by means of eleotrical devices, fur all iu‘lppmnt‘. simplicity, is
often accompanied by a series of unexpected and unplcasant sutprised with
regard to providing the ﬁquimd accuracy and stal'llity of Ioporuﬁ}on.

‘ 8. Devioces for Operation on Uiscirete Quantities

Cosputers which nodol conti.nuoua mthnmtical roelations are uaod to solve
oertain types of pmblm. Nnturully, those cnnnot be used for all the divorse
computing operations which are encountered in the practical solution of various
problame of contemporary science.

¥oreover, the douim; and produotion of a dsvice such as & machine for the
mummofu diSterential equations, for exsmple, s very diffioult, axd their
nass production ie ixpossible, and therefore, unique. The Lotal musber.of
such machines opereting in the whole world is very small and toarcely nurbers
10 or 20. At Abe sme tin, the need for dovioos to oarry out diverse l.u-go-
nm computdng - proculu is very great, and’ ‘can be utiufiod only by a
great number of standard vergatile devices. Such devicos are calculating~-
analytiocal automatic punched card mechines, which operate on discrete |
quantitiss. Up unti) m, these machines were md emny for automati-
utm of omun Prosesses in -umm-. mmu.nc, and other computing
operations. um. M begen to Sind wee in uwd oboomtomu for
large-scale, M Mﬂm‘o

qxﬁ\f‘hxmr B
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Pres 1942 to A6, the Divieton of Approcimats Caloulations in the
Institute of Icthl-uu, Moadeny of Sciences USSH, devised methods of molving
mpthematioal paw tiems through the use of these machines, The Mviafonty

wio lul,nt.u. o3a., attests to the vast potentialities of punshed card
machines in spplied mathematise, :

The solutiem of mathematioal problems op these ‘uchim- 1s based upon
the faot that the Akgetinhm or any problem oan be reduced by various mathody

't 9lementary operations (arithmetio *porations, selection,and olassification

of dats, ard other logienl operationa), Therefore, any mathematical problem
can in principle be ®olved by o specially salacted act of punched~card
machines sapdble of ™Alizing the individual stages of the 30lution,

The .Operating principle qr Punch-oard machines 1s based uwpon 1denti-
floation of a sinple-valued nunmber with {\e turning o a cortain wheel
(the counter) through a definite angle, multi-valued number can be identi-
fied with a set of whenls, the number of which in equal’ to the numbor of

valuus of the Fiven discrete quantity., Addition 'of two numlera correeponds ) 4

mmbers. This principle, which has proven highly useful, was propozed long
aro by Pascal and Leibnitr, Ita practical implementation has como a long
vy from the first mechanical counters to tle pmaen,b-day punched~card
machinoa, ' / .

The main machine in the set of punched card machines 1s tho tabulator,
which automatioally adds mwbers fequontially introduced imto it. The main- i
part of t.hu tabulator is the counting gystem, It eonsists of a certain
number of counters, each of which are n.group of number whoels. A number

wheel 13 a dieq Whose circumference 13 divided into 10 parte; nusbered

0y 1, 2, eeees9. Eaoh muber wheel corresponds to a definite place (unira,
tens, andreds) of a single-valued mumber,

Two numbers % added by two condecutive turng of the Mr wheels of '
unoomlpondmgﬁlm. Since the mottm.m-bonuqlrphaom be
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mwwuv. mmunﬁozmmmnmrmumr
Mhuwrpmmwhpmmtu.

The operation of ehn countars 18 oontiellsd by punch cards,
Epmlv four more pinnwlu elving relatively slemsntary die- '
cussion of nhctrha; snd meshandsal operation of punohed card machines from
punch oards/,

" . Vb e ey g 1
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